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Description 

The present invention relates to a rheometer 
for measuring the phenomenon of the deformation 
and flow of a fluid, and more particularly, to a s 
vibration-type rheometer including a pair of tuning 
fork-like members capable of being vibrated in a 
sample. 

The flowability of simple liquids, for example, 
such as water, alcohol, glycerine or the like differs w 
with viscosity, but these liquids exhibit a Newtonian 
viscosity, that is, a straining rate proportional to a 
stress during the flow. On the other hand, it is 
known that thick liquids having a relatively com- 
plicated construction, for example such a paint, 15 
toothpaste, mayonnaise and cold cream may ex- 
hibit a non-Newtonian viscosity in which the flow 
will not start unless an external force exceeds a 
predetermined value. Another phenomenon is a 
property of gels which change into sol when sub- 20 
jected to shaking or vibration, and then return again 
to gels when left standing which is called thix- 
otropy. 

A measurement of Newtonian viscosity or non- 
Newtonian viscosity, and particularly the degree of 25 
thixotropy can be found by evaluating the area of a 
hysteresis loop which appears with the revolution 
of a rotary viscometer. In the rotary viscometer, the 
viscosity is obtained by rotating a cylindrical body 
in viscous fluid and measuring the torque due to 30 
the viscosity exerted on the cylindrical body. In a 
coaxial double cylindrical meter, a fluid is put be- 
tween an inner tube and an outer tube, and the 
torque exerted on the inner tube when the outer 
tube is rotated is measured. This measurement is 35 
carried out by hanging the inner tube from a tor- 
sion wire and measuring a torsional angle of the 
torsion wire. If the design is such that the angular 
velocity of the rotary body is made variable so as 
to vary a shear rate corresponding thereto the 40 
viscometer can be applied to the measurement of 
the flow characteristics of non-Newtonian viscous 
fluids. 

However, it is necessary to vary the shape of a 
rotary body depending on the sample to be mea- 45 
sured. Furthermore, since it is cumbersome to 
clean and wash the rotary body after use, this 
gives rise to a problem in handling. In addition, 
since the viscometer is affected by the inertia of 
the rotary body or by the flow of the sample, the 50 
range of controllable angular velocity of the rotary 
body is narrow, and various measuring patterns 
cannot be selected. 

The present invention is concerned with a 
vibration-type rheometer apparatus including a 55 
viscometer having a pair of tuning-fork members 
capable of being vibrated in a sample. A vibration- 
type viscometer having a pair of tuning fork-like 



members is known from U.S. Patent No. 4,602,505 
(corresponding to European Patent No. 112,156) 
entitled "APPARATUS FOR MEASURING VISCOS- 
ITY" issued to the present inventors on July 29, 
1986. Also, an improved vibration-type viscometer 
of this type has been proposed in U.S. Patent No. 
4,729,237 (corresponding to European Patent 
233,408) entitled "TUNING FORK VIBRATION- 
TYPE VISCOSITY MEASURING APPARATUS" is- 
sued to the present inventors on March 8, 1988. 
These vibration type viscometers each comprise 
vibrator means of a tuning fork including a pair of 
vibrator subassemblies, each vibrator subassembly 
having at its free end a sensor plate to be inserted 
into a sample to be measured, a driving unit for 
applying vibrations to said pair of vibrator subas- 
semblies, and a detector for detecting the vibration 
amplitude of said pair of vibrator subassemblies 
which changes due to a viscosity resistance ap- 
plied to the sensor plates when placed in the 
sample and for converting the vibration amplitute 
into an electric signal. The driving unit comprises a 
combination of an electromagnetic coil and a per- 
manent magnet, in which the pair of vibrator subas- 
semblies are vibrated in a phase opposite to each 
other, that is, a phase difference of 180 degrees 
under the same frequency. In the vibration-type 
viscometers so far proposed, the driving frequency 
is 30 Hz, with a one-side amplitude with no-load of 
20 microns, which is constant. 

According to the present invention there is 
provided a vibration-type rheometer apparatus for 
measuring the behaviour of a fluid sample with 
respect to an external force with changes with time, 
the apparatus comprising: 

a. a support block firmly secured to a base 
frame, said support block having a support col- 
umn at the lower part thereof; 

b. tuning fork vibrator means including a pair of 
vibrator subassemblies secured to said support 
block, extending downwardly from said support 
block and being arranged on opposite sides of 
said support column, said vibrator subassem- 
blies each having a thin and flat sensor plate to 
be placed into said sample to be measured at a 
free end thereof, both said sensor plates being 
disposed in the same imaginary vertical plane; 

c. means for driving said pair of vibrator subas- 
semblies with phases opposite to eah other at 
the same driving frequency; 

d. means for detecting the amplitudes of vibra- 
tion of said pair of vibrator subassemblies which 
change with the viscous resistance received by 
said sensor plates placed in said sample, said 
means outputting an electric signal representa- 
tive of said amplitude; 

e. control means for supplying a driving current 
having a magnitude which steplessly and con- 
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tinuously changes to said driving means to 
change with time the vibration-inducing force in 
said pair of vibrator subassemblies and 
f. recording means for plotting, with respect to 
the change in magnitude of said driving current, 
an output value of said detection means which 
changes in response thereto. 
Since a continuous change in the magnitude of 
the driving current applied to the driving unit re- 
sults in a continuous change in the vibration induc- 
ing force to the pair of vibrator subassemblies, if 
the change in the amplitude in response to the 
change in the vibration-inducing force to the pair of 
vibrator subassemblies is continuously detected 
then it is possible to measure an amount repre- 
sentative of the rate of change with time in the 
motion of a fluid. In this case, in contrast with the 
rheometer using a conventional rotary viscometer 
for generating a concentric circular flow in the fluid, 
merely slight vibrations are generated by the pair 
of vibrator subassemblies according to the present 
invention, and therefore the measuring pattern re- 
sulting from the control of the way of applying the 
vibration-inducing force and the magnitude may 
have considerable freedom. The control of the driv- 
ing current in typical examples of the measuring 
pattern are as follows : 

Pattern 1: From time to to t1, steplessly, and 
continuously increased, and then from t1 to t2, 
steplessly and continuously decreased. 
Pattern 2: Similarly to the pattern 1, continu- 
ously increased until the time t1, and held con- 
stant after the timetl. 

Pattern 3: Similarly to the pattern 1, continu- 
ously increased until the time t1, and thereafter 
held constant until the next time t2, and then cut 
off to 0. 

Pattern 4: Similarly to the pattern 1, continu- 
ously increased until the time t1, and conversely 
steplessly and continuously lowered from the 
time t1 to the time t2, these ups and downs 
being repeated. 

These measuring patterns can be obtained 
easily by program-controlling the driving current. 

According to the present invention, the driving 
current to the driving unit of the pair of vibrator 
subassemblies is steplessly and continuously 
changed and the change in the amplitude value 
response to the change in the vibrator-subassem- 
blies is continuously detected whereby the rheol- 
ogy of the fluid can be measured. Therefore, the 
measurement can be simply conducted without 
giving rise to the problems in handling encountered 
in the use of a conventional rotary viscometer. 

An embodiment of the invention will now be 
described, by way of example only, with reference 
to the accompanying drawings in which ; 

FIG. 1 is a partial cut-away side elevationa! view 



of a vibration-type viscometer used in the rheo- 
meter of the present invention; 
FIG. 2 is a side view showing essential parts 
shown in FIG. 1 in an exploded form; 
5 FIG. 3 is a block diagram illustrating an am- 
plitude rheometer apparatus according to the 
present invention; 

FIGS. 4, 5 and 6 are respectively explanatory 
view showing the flow characteristics of a sam- 
ro pie measured by the vibration-type rheometer 
apparatus according to the present invention, 
FIG. 4 is of the case where a sample is may- 
onnaise, FIG. 5 is of the case where a sample is 
cold cream, and FIG.6 is of the case where a 
75 sample is milky liquid ; and 

FIG. 7 is an explanatory view representative of 
various measuring patterns. 
First, referring to FIG. 3, a vibration-type rheo- 
meter apparatus according to the present invention 
20 includes a vibration-type viscometer generally in- 
dicated at 50. This vibration-type viscometer com- 
prises an electromagnetic driving unit 51, an am- 
plitude detector 52 and a thermometer 53, which 
will be described in detail later. The electromag- 
25 netic driving unit 51 has a permanent magnet 13 
(FIG.1) and an electromagnetic coil 12 (FIG. 1) 
cooperated therewith, the electromagnetic coil 12 
receiving a driving current having a magnitude 
which steplessly and continuously changes from a 
30 control unit 56 including an oscillator 54 and a 
variable amplifier 55. This control unit 56 is pro- 
vided with an ammeter 57 for measuring the mag- 
nitude of a driving current supplied to the elec- 
tromagnetic driving unit 51. The amplitude detector 
35 52 comprises, for example, a non-contact system 
eddy current loss detection type displacement de- 
tector 14 (FIG. 1) and an output signal of this 
detector 14 is sent to an amplitude display unit 56. 
This amplitude display unit 58 includes an amplifier 
40 59 yielding a voltage value. A thermometer 53 has 
a temperature probe 21 (FIG. 1), an output signal 
of which is supplied to a temperature indicator 61 . 
A value measured by the ammeter 57 and a value 
measured by the voltmeter 60 are sent to a record- 
45 ing unit 62 such as an X-Y recorder, and the 
recording unit 62 plots the detected voltage which 
is representative of a change in the amplitude 
value from the amplitude detector 52 correspond- 
ing to the driving current sent to the electromag- 
50 netic driving unit 51 the magnitude of which con- 
tinuously ans steplessly changes. 

The vibration-type viscometer per se used in 
the present invention is of the general type dis- 
closed in U.S. Patent Nos. 4,602,505 and 
55 4,729,237. Referring to FIG. 1, the vibration-type 
viscometer is provided with a hollow support block 
formed of a rigid material firmly secured to a frame 
shaft 1 extending from a base (not shown), the 
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support block 2 having a downwardly extending 
support column 3. A pair of vibrator subassemblies 
4 constituting tuning fork-like vibrations are secured 
to the lower end of the support block 2, and these 
vibrator subasemblies 4 downwardly extend from 
the support block 2 and occupy opposite sides of 
the support column 3. The vibrator subassemblies 
4 each include a leaf spring 5 with one end se- 
cured to the support block 2 by means of a screw 
6 through a stop 7, a long intermediate plate 8 
firmly mounted on the other end of the leaf spring 
5. and a sensor plate 9 secured to the end of the 
intermediate plate 8 by means of a screw 10. The 
leaf spring 5 is preferably made of constant elastic 
spring steel, and the intermediate plate 8 is prefer- 
ably made of a light relatively rigid material, for 
example, such as aluminium. The sensor plate 9 is 
preferably made of stainless steel which is as thin 
as 0.2 mm or so, is flat and has a chemical 
resistance, the sensor plate having a free end 
formed into a disk 11 having a diameter of 20 mm 
or so, for example. 

One vibrator subassembly 4 is arranged sym- 
metrically with the other vibrator assembly, and a 
permanent magnet 13 cooperated with a pair of 
electromagnetic coils 12 mounted on the support 
column 3 is provided on the intermediate plate 8. 
The combination of the electromagnetic coils 12 
and the permanent magnet 13 functions as a driv- 
ing device 51 for vibrating the corresponding vibra- 
tor subassemblies 4, The driving device 51 being 
supplied with a driving current having a magnitude 
which steplessly and continuously changes from 
the control unit 56 (FIG. 3) as described above to 
thereby vibrate the pair of vibrator assemblies 4 in 
phases opposite to each other, that is, a phase 
difference of 180 degrees under the same fre- 
quency in response to a vibration-inducing force 
having a magnitude which steplessly and continu- 
ously changes. According to a preferred example, 
the driving frequency is 30 Hz, and the driving 
current linearly changes from 0 to 1000mA. A pair 
of sensor plates 9 are disposed within the same 
imaginary vertical plane, and as a result, a torsional 
reaction in the support block 2 generated in the 
case where the sensor plates are disposed in dif- 
ferent imaginary vertical planes can be avoided. 
While the relative arrangement of the electromag- 
netic coils 12 and the permanent magnet 13 may 
be reversed, the provision of the electromagnetic 
coils 12 on the side of the support column 3 as in 
the example shown in the drawing is suitable in 
that a lead wire 15 of the coil 12 can be guided to 
a metal terminal 16 (upward) passing through the 
support column 3. 

The support column 3 between the support 
block 2 and the electromagnetic coil 12 is provided 
with a displacement detector 14 so as to oppose to 



a leaf spring 5 of the vibrator subassembly 4, the 
displacement detector 14 converts the amplitude of 
one vibrator subassembly 4 into an electric signal. 
In this case, a further displacement detector may 
5 be provided for the other vibrator subassembly, but 
since both the subassemblies 4 exhibit substan- 
tially the same amplitude, then one will therefor 
suffice. When a pair of sample plates 9 are placed 
into a sample as will be described later, the am- 
10 plitude of the vibrator subassemblies 14 is affected 
by the change in the viscous resistance, and there- 
fore the displacement detector 14 electrically de- 
tects the amplitude, and the viscosity of the sample 
is arithmetically calculated fom the detected value 
'5 in a well known manner. The displacement detector 
14 can be. for example, of a well known non- 
contact system eddy current loss detector but in 
the case where this well known displacement is 
used, the leaf spring 5 opposed thereto is formed 
20 of a magnetic steel spring. A well known optical 
displacement sensor can also be used in place of 
an eddy current loss detection type displacement 
sensor. A lead wire 17 of the displacement detector 
14 is also guided to a common terminal element 16 
25 passing through the support column 3. 

Turning to FIG. 2, a thermometer generally 
indicated at 20 is mounted on the lower end of the 
support column 3. and a sheathed probe 21 of the 
thermometer 20 extends downward. This tempera- 
30 ture probe 21 occupies a position between the pair 
of sensor plates 9 and is disposed in the same 
imaginary vertical plane, the probe 21 having its 
lower end disposed in substantially the same 
imaginary horizontal plane as the pair of the sensor 
35 plates 9. Since the temperature probe 21 is aligned 
in the same imaginary vertical plane as the pair of 
sensor plates 9, the occurence of sample turbu- 
lence due to the presence of the temperature 
probe 21 between the sensor plates is prevented. 
40 The thermometer 20 can be a well known type, for 
example, in which a platinum temperature measur- 
ing resistance is provided within a sheath, which 
well known thermometer has a circuit unit 22 in- 
cluding an amplifier at the base end of the sheath 
45 A lead wire 23 of the circuit unit 22 reaches a 
common terminal element 16 passing through the 
support column 3. 

An external thread 30 is formed at the lower 
end of the support column 3, and a carrier device 
so 32 having an adjusting nut member 31 threadedly 
engaged with the external thread 30 mounted on 
the support column 3. The carrier device 32 de- 
tachably carries a sample container 33, and func- 
tions as a lid for closing an open surface of the 
55 sample container 33. The sample container 33 is 
conveniently made of a transparent glass like a 
beaker. This container has a flange 34 around the 
open edge thereof, and has an index comprising 
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two parallel lines representative of an allowable 
amount of a sample 35 to be placed therein. The 
carrier device 32 includes a lid member 37 formed 
of a synthetic resin which is excellent, for example, 
in its heat insulating properties and having a size 
just fitted into the sample container 33, said lid 
member 37 having a flange 38. The lid member 37 
is provided with a pair of well known clamp ele- 
ments 39, and when these clamp elements 39 are 
brought into engagement with the flange 34 of the 
sample container 33, the sample container 33 can 
be mounted on the carrier device 32. The adjusting 
nut member 31 threadedly engaged with the exter- 
na) thread 30 of the support column 3 has a 
stopper 40 at the lower part thereof, and the axial 
movement is restricted by the stopper 40. The lid 
member 37 is formed with a hole 41 through which 
the lower end of the support column 3 may pass 
and a pair of head-diffusion preventive narrow slits 
42 through which a pair of sensor plates 9 may 
pass. 

Normally, the carrier device 32 is mounted on 
the lower end of the support column 3, and the 
sample container 33 is detachably mounted on the 
carrier device 32. Two pins 44 are downwardly 
secured to the lower end of the support column 3, 
the pins 44 being located on the sides opposite to 
each other of the temperature probe 21, occupying 
a position between the probe and the sensor plate 
9 and being aligned in the imaginary vertical plane 
in which sensor plates 9 and the temperature probe 
2 are distributed. The pin 44 has its extreme end 
which has a function as an indicator representative 
of a desirable surface level of the sample 35 within 
the container 33. More specifically, if a misalign- 
ment is present between the extreme end of the 
pin 44 and the surface level of the sample 35, the 
adjusting nut member 31 of the carrier device 32 is 
rotated to axially move the sample container 33 
along with the carrier device 32 toward the support 
column 3, whereby the misalignment as described 
above can be overcome. As a result, even if the 
sample differs in amount within the allowable range 
between the two index lines 36 provided on the 
sample container 33, the sensor plate 9 and the 
temperature probe 21 can be always inserted by a 
predetermined length into the sample without in- 
volving the trouble of ensuring that the sample has 
a strictly determined amount and errors in mea- 
surement caused by a difference in the depth to 
which the sensor are inserted are avoided. FIGS. 4, 
5 and 5 are respectively graphs showing the re- 
sults obtained by measuring the flow characteris- 
tics of three kinds of samples using a vibration- 
type rheometer manufactured in accordance with 
the preferred example of the present invention. In 
these graphs, the axis of ordinate indicates the 
magnitude I of a driving current corresponding to a 



vibration-inducing force applied to the pair of vibra- 
tor subassemblies 4 while the axis of the abscissa 
indicates the magnitude E of the detected voltage 
corresponding to the amplitude of vibration of the 

5 pair of vibrator subassemblies 4. FIG. 4 is of the 
case where the sample is mayonnaise, FIG. 5 is of 
the case where the sample is cold cream, and FIG. 
6 is of the case where the sample is milky liquid. 
According to FIGS. 4 and 5, the curve obtained by 

to gradually increasing the vibration-inducing force 
and the curve obtained by gradually decreasing it 
conversely depict a hysteresis loop, from which 
can be learned that these samples exhibit a thix- 
otropyic non-Newtonian viscosity. According to 

75 FIG. 6, it has been found that the change in the 
amplitude with respect to the change in the 
vibration-inducing force is linear, and this sample is 
a material exhibiting a Newtonian viscosity. 

FIG. 7 is a graph explaining the variation of 

20 driving current in various measuring patterns, in 
which graph, the axis of ordinate indicates the 
current value I and the axis of abscissa indicate the 
time T. The status of the measuring patterns repre- 
sented by these graphs are as follows: 

25 FIG. 7a - pattern 1: From time tO to t1, in- 
creased steplessly and continuously, and then 
from tl to t2, decreased steplessly and continu- 
ously. 

FIG. 7b - pattern 2: Similarly to the pattern 1, 
30 increased continuously until time time tl, and 
held constant after the time tl. 
FIG. 7c - pattern 3: Similarly, increased continu- 
ously until time tl, thereafter held constant till 
time t2, and then cut off to 0. 
35 FIG. 7d - pattern 4: Similiarly, increased continu- 
ously until time t1, conversely lowered steples- 
sly and continuously from time t1 to time t2, 
these up and down being repeated. 
In at least the preferred embodiment the 
40 present invention provides a new rheometer ap- 
paratus which eliminates the disadvantages noted 
above with respect to a rheometer using a conven- 
tional rotary viscometer. 

In at least the preferred embodiment the 
45 present invention also provides a rheometer which 
can widely change the way of applying an external 
force to a sample to be measured and the strain 
rate so that various measuring patterns may be 
selected. 

so In at least the preferred embodiment the 
present invention also provides a rheometer which 
is simple in handling and easy in operation. 

Claims 

55 

1. A vibration-type rheometer apparatus for mea- 
suring the behaviour of a fluid sample (35) with 
respect to an external force which changes 
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with time, the apparatus comprising : 

a. a support block (2) firmly secured to a 
base frame (1), said support block (2) hav- 
ing a support column (3) at the lower part 
thereof; 6 

b. tuning fork vibrator means including a 
pair of vibrator subassemblies (4) secured 
to said support block (2), extending down- 
wardly from said support block (2) and be- 
ing arranged on opposite sides of said sup- w 
port column (3), each said vibrator subas- 
semblies (4) having at a free end a thin and 

flat sensor plate (9) to be placed into said 
sample (35) to be measured, both said sen- 
sor plates (9) being disposed in the same 75 
imaginary vertical plane; 

c. means (12, 13) for driving said pair of 
vibrator sub-assemblies (4) with phases op- 
posite to each other at the same driving 
frequency; 2Q 

d. means (14) for detecting the amplitudes 
of vibration of said pair of vibrator subas- 
semblies (4) which change with the viscous 
resistance received by said sensor plates 

(9) placed in said sample (35), said means 25 
outputting an electric signal representative 
of said amplitude; 

e. control means (56) for supplying a driving 
current having a magnitude which steplessly 

and continuously changes to said driving 30 
means (12,13) so as to change with time 
the vibration-inducing force in said pair of 
vibrator subassemblies; (4) and 

f. recording means (62) for plotting, with 
respect to the change in magnitude of said 35 
driving current, an output value of said de- 
tection means which changes in response 
thereto. 

The vibration-type rheometer apparatus ac- 40 
cording to claim 1, wherein said control means 
(50) includes an oscillator (54) having a fixed 
frequency, a variable amplifier (55) for forming 
a driving current having a magnitude which 
steplessly and continuously changes from an 45 
output of said oscillator, and an ammeter (57) 
for measuring the magnitude of said driving 
current. 



3. The vibration-type rheometer apparatus ac- 
cording to claims 1 or 2, wherein said control 
means (56) program-controls the magnitude of 
said driving current. 

4. The vibration-type rheometer apparatus ac- 
cording to claim 3, wherein said control means 
(56) controls the magnitude of said driving 
current in a manner such that the magnitude is 
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55 



steplessly and continuously increased from 
time to to t1, and held constant after the time 
tl. 

5. The vibration-type rheometer apparatus ac- 
cording to claim 3, wherein said control means 
(50) controls the magnitude of said driving 
current in a manner such that the magnitude is 
steplessly and continuously increased from 
time to to tl. and held constant from the time 
t1 and t2, and then cut off to 0. 

6. The vibration-type rheometer apparatus ac- 
cording to claim 3, wherein said control means 
(56) controls the magnitude of said driving 
current in a manner such that the magnitude is 
steplessly and continuously increased from 
time tO to tl, and steplessly and continuously 
lowered from the time t1 to time t2. 

Patentansprtlche 

1. Schwingungsrheometervorrichtung, zum Mes- 
sen des Verhaltens einer Fluidprobe (35) in 
Bezug auf Suflere KrSfte, welche sich mit der 
Zeit verSndern, umfassend: 

a) ein Traggestell (2), welches fest mit ei- 
nem GrundgerOst (1) verbunden ist, wobei 
das Traggestell (2) in seinem unteren Be- 
reich eine TragsSule (3) aufweist; 

b) Stimmgabelschwingungserregermittel, 
umfassend ein Paar, an dem Traggesteil (2) 
befestigter Schwingungserregerbaugruppen 
(4), welche sich von dem Traggestell (2) 
abwSrts erstrecken und an einander gegen- 
Oberliegenden Seiten der TragsSule (3) an- 
geordnet sind, 

wobei jede Schwingungserregerbaugruppe 
(4) an ihrem freien Ende eine dUnne und 
flache MeflfUhlerplatte (9) zum Einsetzen in 
die zu messende Fluidprobe (35) aufweist 
und beide der Me/HQhlerplatten (9) in der 
selben imaginMren senkrechten Ebene an- 
geordnet sind; 

c) Mittel (12, 13) zum Antrieb des Paares 
von Schwingungserregerbaugruppen (4), 
welche bei der selben Antriebsfrequenz ein- 
ander entgegengesetzte Phasen aufweisen; 

d) Mittel (14) zur Erfassung der Schwin- 
gungsamplituden des Paares von Schwin- 
gungserregerbaugruppen (4), welche sich 
mit den verschiedenen, von den in der 
Fluidprobe (35) eingesetzten MeflfOhlerplat- 
ten (9) emaltenen VIskositatswiderstMnden 
Sndert. wobei die Mittel ein die Amplitude 
darstellendes. elektrisches Signal ausgeben; 
e) Steuerungsmittel (56) zur Versorgung der 
Antriebsmittel (12, 13) mit einem Strom, 
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welcher eine stufenlos und kontinuierlich 
sich Sndernde Gr6Be aufweist, um somit die 
schwingungserregende Kraft in den Schwin- 
gungserregerbaugruppen (4) mit der Zeit zu 
andern; und s 
f) Aufzeichnugsmittel (62), die hinsichtlich 
von Anderungen der Grdfle der Antriebsmit- 
tel einen sich diesbezuglich Sndernden Aus- 
gabewert der Schwingungserfassungsmittel 
(14) aufzeichnen. io 

2. Schwingungsrheometervorrichtung nach An- 
spruch 1, 

in welchem die Steuerungsmittel (56) einen 
Oszillator (54) mit einer festen Frequenz, einen 75 
verstellbaren VerstSrker (55), um aus dem Os- 
zillator einen Antriebsstrom mit stufenlos und 
kontinuierlich sich Sndernder Grflfle zu bilden, 
und ein Ampermeter (57) zum Messen der 
Grdfle des Antriebsstromes umfassen. 20 

3. Schwingungsrheometervorrichtung nach An- 
spruch 1 oder 2, 

in welchem die Steuerungsmittel (56) die Gr8- 

Be des Antriebsstromes durch ein Programm 25 

steuern. 

4. Schwingungsrheometervorrichtung nach An- 
spruch 3, 

in welchem die Steuerungsmittel (56) die Gr5- 30 
Be des Antriebsstromes derart steuern, dafl 
von der Zeit to bis ti die GrQBe stufenlos und 
kontinuierlich vergrSflert wird und nach der 
Zeit tt konstant gehalten wird. 

35 

5. Schwingungsrheometervorrichtung nach An- 
spruch 3, 

in welchem die Steuerungsmittel (56) die GrQ- 
Be des Antriebsstromes derart steuern, daB 
von der Zeit to bis ti die GrdBe stufenlos und ao 
kontinuierlich vergrflflert wird, von der Zeit ti 
bis fc konstant gehalten wird und dann auf 0 
abgeschaltet wird. 

6. Schwingungsrheometervorrichtung nach An- 45 
spruch 3, 

in welchem die Steuerungsmittel (56) die Grd- 
Be des Antriebsstromes derart steuern, daB 
von der Zeit to bis ti die Grdfle stufenlos und 
kontinuierlich vergrd/tert wird und von der Zeit 50 
ti bis stufenlos und kontinuierlich verkleinert 
wird. 

Revendlcatlons 

55 

1. Rh6omfctre & vibrations pour mesurer le com- 
portement d'un 6chantillon de fluide (35) par 
rapport & une force ext£rieure qui varie avec le 



temps, le rh6om&tre comprenant : 

a. un bloc de support (2) fixd soiidement & 
un chassis (1), ledit bloc de support (2) 
ayant une colonne de support (3) dans sa 
partie basse ; 

b. des moyens formant vibrateur & diapason 
comprenant une paire de sous-assemblages 
de vibrateur (4) fix£s audit bloc de support 

(2) , s'dtendant vers le bas h partir dudit bloc 
de support (2) et 6tant disposes sur des 
cdt£s opposes de ladite colonne de support 

(3) , chacun desdits sous-assemblages de 
vibrateur (4) ayant & une extr6mit£ libre une 
plaque de capteur (9) fine et plane, & placer 
dans ledit Schantillon (35) & mesurer, lesdi- 
tes plaques de capteur 6tant toutes les 
deux disposes dans le m§me plan vertical 
imaginaire ; 

c. des moyens (12, 13) pour exciter ladite 
paire de sous-assemblages de vibrateur (4) 
en opposition de phase Tun par rapport b 
I'autre & la m§me frequence d'excitation ; 

d. des moyens (14) pour d&ecter les ampli- 
tudes de vibration de ladite paire de sous- 
assemblages (4) qui varient avec la resis- 
tance visqueuse rencontres par iesdites 
plaques de capteur (9) ptac£es dans ledit 
<§chanti!lon (35), lesdits moyens g£n6rant en 
sortie un signal dlectrique repnSsentatif de 
ladite amplitude ; 

e. des moyens de commando (56) pour 
fournir un courant d'excitation ayant une 
amplitude qui varie de manidre continue et 
sans d-coup auxdits moyens d'excitation 
(12, 13) afin de faire varier dans le temps la 
force provoquant la vibration dans ladite 
paire de sous-assemblages de vibrateur (4) 
;et 

f. des moyens d'enregistrement (62) pour 
tracer la courbe, par rapport & la variation 
d'amplitude dudit courant d'excitation, d'une 
vaJeur de sortie desdits moyens de detec- 
tion qui varie en rgponse k celle-ci. 

2. Rhdomdtre k vibrations suivant la revendica- 
tion 1, dans lequel lesdits moyens de com- 
mando (50) comprennent un oscillateur (54) 
ayant une frequence fixe, un amplificateur va- 
riable (55) pour former un courant d'excitation 
ayant une amplitude qui varie de mani&re 
continue et sans &-coup & partir d'une sortie 
dudit oscillateur, et un ampdrem&tre (57) pour 
mesurer r amplitude dudit courant d'excitation. 

3. Rh£om&tre & vibrations suivant la revendica- 
tion 1 ou 2, dans lequel lesdits moyens de 
commande (56) commandent par programme 
I'amplitude dudit courant d'excitation. 
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4. RhSomdtre & vibrations suivant la revendica- 
tion 3, dans lequel Iesdits moyens de com- 
mands (56) commandent I'amplitude dudit 
courant d'excitation de telle manure que I'am- 
piitude est augments sans &-coup et de fagon s 
continue du temps tO & t1, et maintenue 
constants apr&s le temps t1. 

5. RhSomfctre k vibrations suivant la revendica- 

tion 3 f dans lequel Iesdits moyens de com- 10 
mande (56) commandent I'amplitude dudit 
courant d'excitation de telle manure que I'am- 
plitude est augment^ sans &-coup et de fagon 
continue du temps tO k t1, et maintenue 
constants du temps t1 au temps t2 puis ren- is 
due nulle. 

6. RhSomfctre k vibrations suivant la revendica- 
tion 3, dans lequel Iesdits moyens de com- 
mande (56) commandent I'amplitude dudit 20 
courant d'excitation de telle manfere que I'am- 
plitude est augment^ sans 4-coup et de fagon 
continue du temps to k tl et diminu^e sans &- 
coup et de fagon continue du temps t1 au 
temps t2. 26 
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FIG. I FIG. 2 
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FIG. 3 
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FIG. 4 
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